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2.1.1 Brenner-Tersoff
Brenner CVvD
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Tersoff 18) T
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1 (r < R1)
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3.1
Fig.3-1 13C: 98.892%, 13C:
1.108% 12C
24)
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1040 ;
100 3 E
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Fig.3-1 24)
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321
(5,5)SWNT SWNT
phantom SWNT
3
€) =290K /310K SWNT =50nm
(b) = 290K /310K SWNT =100nm
(c) = 90K /110K SWNT =50nm
(@ (b) SWNT SWNT
(b) (a)
(a),(b) 300K
3.2.2 13C
SWNT 13C (13C Ratio)
50 100 13C
12C
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12C  13C
12C  13C
HBR
2- 183
HBR(Hetero- Bond Ratio) %] =
SWNT
13C
10% 20 30 ... 100 13C
(a) 13C =50% HBR=0.33% HBR
(b) 13C =50% HBR =48.8% 13C

(c) 13C
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3 (Fig.3-3)
@) HBR=10~40% (b) HBR=15%
HBR=20 80% (© HBR=80 100%
Fig.3-4 50nm

(a) 13C Ratio = 1%

(b) 13C Ratio = 5%
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Fig.3-2 13C 13C
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Fig.3-3 HBR
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(&) HBR = 20(from initial condition (a))

(b) HBR = 20(from initial condition (b))

(¢) HBR = 30(from initial condition (a))

(d) HBR = 30(from initial condition (b))

(e) HBR = 50(from initial condition (b))

() HBR = 80(from initial condition (b))

() HBR = 80(from initial condition (c))

3.2.3

Fig.3-4 HBR 13C (13C Ratio = 50%)
1.0ns 3.0ns
SWNT ar/dz
(Fig.3-5) phantom Q SWNT A
SWNT q (3.2) SWNT
A
daT
q=— o 3.2
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1 2y/3(d/2+b/2)
(Fig.3-6) d SWNT b SWNT
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phantom(310K) \
310— T T T T T T T T T ._
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290¢@ 200 : 0
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3.3
13 Table 3-1
Fig.3-7( )
2= 12 ) ﬁ“pure 3.3
121-x)+13x C;-x(1-x)+1
Ci Xx 13C 0 x 1
C: Table 3-2
HBR Table 3-3 Fig.3-8
Table 3-1 13C
€) =290K /310K SWNT =50nm
13C 0%(all12C) 1% 5% 10% 20%
A [W/mK] 242.37 234.16 226.32 192.53 185.94
13C 30% 40% 50% 100%(allCis)
A [WImK] 171.60 171.21 141.10 248.18
(b) = 290K /310K SWNT =100nm
13C 0%(all12C) 1% 5% 10% 50%
A [WImK] 304.84 280.28 261.61 233.20 206.45
(c) =90K /110K SWNT =50nm
13C 0%(all12C) 1% 5% 10%
A [W/mK] 582.42 510.20 410.43 349.67
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SWNT

N
o))

Thermal conductivity A [W/mK]

e (a)290K / 310K, SWNT=50nm
m (b)290K / 310K, SWNT=100nm
A (C)90K /110K, SWNT=50nm

0 s 50 100
C Ratio[%]
Fig.3-7 13C
Table 3-2 A pure Ci1
a (b) c
A purefW/MK] 242.37 304.84 582.42
C: 2.0620 2.3273 8.1524
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Table 3-3 HBR SWNT A [W/mK]
HBR 10 15 20 30 40 50
@) 227.67 187.73|  179.68 |  171.25
(b) 172.49 | 14217 | 14403 | 14458|  160.27
©)
HBR 60 70 80 90 100
(@
(b) 17423 |  161.89 | 17259
(©) 18150 |  199.08 |  223.46
250 T T T T T T T
Y
g from (a) from (c)
f< -
> 200F -
=
— -
>
(&)
=) _
©
c
O -
@)
‘_EG i
5 150 .
= from (b)
l—
| | | | | | |
0 50 100

Hetero Bond Ratio[%]

Fig.3-8 HBR

SWNT
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12C
12C
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I, = 3.10
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3.7
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——C . 3.11
® z P (1,T)+Cp - x(1-x)
x=0 A 12C SWNT
A pure
pure vp zvpl ’ 3.12
1
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Table 3-2

50 100nm
100K

Hetero-Bond Ratio HBR Fig.3-4
Fig.3-8 HBR 13C
13C
HBR
12C 18C SWNT SWNT

SWNT Fig.3-9
HBR=20 40 (@)
(b) (b) 30 120
()
(b) (@)
30~120

hbr=90 from(c)

hbr=80 from(c) -

hbr=60 from(b)
hbr=50 from(b)

hbr=40 from(b)

hbr=30 from(b)

hbr=20 from(b)

Number of cluster

hbr=40 from(a)

hbr=30 from(a)

hbr=20 from(a)

hbr=10 from(a)

Jro1 . 10°
cluster size

Fig.3-9 SWNT
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SWNT SWNT
(5.5)
60
SWNT (Radial Breathing Mode
Fig.3-10(a) )
30~120 SWNT RBM
300 700cm-1
3
(@) 12C SWNT

(b) 13C Ratio =50% HBR =20% (from initial condition (a))
(c) 13C Ratio =50% HBR =20% (from initial condition (b))

Fig.3-10 @ @) ()
(d) RBM
(@) (b)

(b) (b)
(b)



Power Spectrum Density (Arbitrary)

Power Spectrum Density (Arbitrary)
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4 SWNT

4.1
SWNT
SWNT
SWNT
SWNT
25 108[(M2 K)/W]
SWNT SWNT
SWNT SWNT
(Fig.4-1)
SWNT
SWNT
12C SWNT 13C SWNT
I
¥C SWNT
dT/dz =158.4K/uym
302 3
%3
o
>
[
(]
£
€300
|_
Ui Temperature
W 20 gt jump
dT/dz=142.6K/jy m A T=134K
298 : ‘ !
-40 -20 0 20 40

position z [A]
Fig. 4-1 SWNT
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4.2

4.2.1 SWNT
SWNT

(a) Standard junction

Fig.4-2(a)  (5,5)SWNT (6,6)SWNT

60° R =(jy+ i2—i)

(6,6)SWNT

(@)

Fig.4-2 Standard junction

39

SWNT 2 SWNT

26)

) ) i=(i12)

Cs C;

4.1

2 SWNT
1 (Fig.4-2(b)




40

SWNT

(b) Isotropic junction

(m,m)

armchair

(2m,0)

zigzag

(Fig.4-3)

(F6,7,8,10)

(@) (5.5)- (4)

(m=5,6,7,8)

(o) (mm)- (m+1,m+1)

(©) (2n,0)- (n,n)
(d) (8,2)- (9,3)

=6,8, 2

(n

25nm
290K

SWNT

310K

Langevin

422

3.0ns

1.0ns

SWNT

(Fig.4-1

a7

ar/dz

) SWNT

Tc=

Th =

SWNT

(4.2)

4.2

SWNT

SWNT

(6,6)

~
<
N
i

N—

RO RO a2\
.ﬂ.‘c.e’» b

OO
LIS
A8 A DHID

('
OO
KA
R SRS
HAA A

Fig.4-3 Isotropic junction
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43
R Table 4-1 2 SWNT
Fig.4-3( ) @ (b
Table 4-1 SWNT R
(@ (55)- (1)
(5,5)- (6,6) (5,5)- (7,7) (5,5)- (8,8) (5,5)- (10,10)
SWNT [ ] 1.387 2.773 4.160 6.933
R[x 101(m2 K)/W] 0.933 1.589 1.435 2.438
(b) (mm)- (m+1,m+1)
(5,5)- (6,6) (6,6)- (7,7) (7,7)- (8,8) (8,8)- (9,9)
SWNT [ 1 1.387 1.387 1.387 1.387
R[x 1011(m2 K)/W] 0.933 0.777 0.791 1.177
(©) (2n0)- (n,n)
(12,0)- (6,6) (16,0)- (8,8)
Standard Isotropic Standard Isotropic
SWNT [ 1 1.287 1.287 1.716 1.716
R[x 10-11(m2 K)/W] 1.577 4.154 0.960 5.990
(d) (8,2)- (9.3)
(8,2)- (9,3)
SWNT [ ] 1.322
R[x 10-11(m2 K)/W] 1.143




x
'_\
o

Thermal boundary Resistance[(K mz)/VV]

4 SWNT

n of (n,n)—(n+1,n+1) junction

_ ;5 6 . / . 8 9
(5,5)—(10,10)®
2_ -
(5,5)~(7,7)
o
{
) (5,5)—(8,8) (8,8)5(9,9)
$Eo-68) -]
fffff o - o
(6,6)—~(7,7) (7,7)—(8,8)
0 . ! . | . |
° ! 8 9 10

m of (5,5)—(m,m) junction

Fig. 4-3 R
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4.4
R 10-11[(m2 K)/W] SWNT
( 108[(m2 K)/W]) 1000 1
SWNT
R Fig.4-3
(5,5)- (1) / ( 2 SWNT )
R (mm)- (m+1,m+1) m R
2
SWNT R SWNT R
(5.5)- (4) R
(12,0)-(6,6) (12,0)-(6,6) (5,5)-(6,6)
2 SWNT R R
2 SWNT
421 Standard junction SWNT
i i Table4-2
(5.5)- (4] ]
2 SWNT (5,5)
- (4D (  Fig4-4 ) ]
2 SWNT (5,5)- (1)
R SWNT
SWNT
(dihedral angle)26)
Fig.4-5( ) Standard junction 2 SWNT
2 2

Table 4-2 Standard junction

i = (i I2) i = (i I2)
(5,5) — (6,6) (2,-1) (5,5) - (7,7) 4, -2)
(5,5) - (8,8) (6, -3) (5,5) - (10,10) | (10, -5)
(6,6) — (7,7) 2,-1) (7,7) - (8,8) 2,-1)
(8,8) —(9,9) 2,-1) (8,2) - (9,3) 2,-1)
(6,6) — (12,0) (0, -6) (8,8) — (16,0) (0, -8)

—
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25
+‘°¢ #’(
{ 2 O ° n “
o L e Y ““ 3{‘:{ }é_ofg,.ef«:g ‘,
Be 0':"”‘ 'f'&ﬁ.?g., OSPcS oS s

Fig.4-4 (5,5)- (/)

2 o o (4.3)
@ =60
I o I < 43

2C4|-|C4)
17 SWNT
(Fig.4-5 BOD) (4.3) 2 SWNT 17
@ (5,5)- (L) (m,m)- (m+1,m+1)
@ =0° (2n,0)- (n,n) ¢»=180° (8,2)-(9,3) ¢=18.027° (5,5 - ()
%

(dihedral angle) 26)



4 SWNT 45

Table4-2 (8,2)-(9,3) i -1 (m,m)- (m+1,m+I)
(mm)- (m+1,m+I)
R (5,5)-(6,6) (6,6)-(7,7)
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Lennerd-Jones
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Table 5-1 £
A
R AT _ AT
dn Q/A
R
AT
q

ar/dz

A
SWNT
£ 1 10
AT
R
(gm
R
Q
q A

100

A=5.48x 1018[m2] A4 7=50[K] A =242.37[W/mK]
R £ 10

Table 5-2

40~45[GW/m2]

dr/dz

100

Langevin

1.6~1.9x 102[K/ ]

Table 5-1 (5,5)-(10,10)

£ [(m2 K)/W]
6.77% 108
10 1.21x 108
100 4.54x 10°
Table 5-2 q ar/dz
£ glGWIm2] | dT/dAK/ ]
4.337 | 1.805% 103
10 24.484 | 1.010x 102
100 65.274 | 2.693x 102

5.2

5.3

Q

10
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Table 5-3 q aTt/dz A
g[GW/m?2] | dT/dAK/ ] | A [W/mK]
3.873 1.954% 103 198.20

€ 10 22.093 1.242x 102 177.88
€ 100 70.698 2.564x 102 275.73
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position z[A]
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